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Overview

*\WWhy angular correlations? at the SPS?
*‘NA49
*Two-particle azimuthal correlations

~ centrality scan (Pb+Pb atvs = 17.3 GeV)

_ pTa‘S"/pTtrg scan (Pb+Pb at \/sNN =17.3, 6.3 GeV)
— system-size scan (p+p, Si+Si, Pb+Pb at x/sNN =17.3 GeV)
- energy scan (Pb+Pb, Au+Au atvs = 6.3 — 200 GeV)

- comparison with UrQMD

*Two-particle (An,Ad) correlations

'Summary
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Motivation

-Angular correlations at high p_

— can probe jet-medium interactions
— exciting results from RHIC
- largely neglected at the SPS

Complications at the SPS
- small high-p_ hadron yields

— transition from soft to hard physics

unknown

- effect of Cronin enhancement unknown,

expected to be strong
- theory: large uncertainties in perturbative-
QCD calculations

 What do we really see?
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NA49

L arge-acceptance hadronic
spectrometer

Target

*Four large-volume TPCs
Two ToF walls
*Beam/trigger detectors

*Forward Calorimeter —
centrality selection

*Momentum resolution:
o(p)/p? = (0.3-7)-10™ (GeV/c)™
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I Two-particle A¢ Correlations

Particle selection: o |

© et g f s

o thrg € [2.5;4.0] GeV/c O T 158A GeV || -
I p.* €[1.0;2.5] GeV/c e

- In each pair, p_** < p_"

0-5 %
Pb+Pb
20A GeV
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Two-particle Ap Correlations L+
Basic Definitions

e Correlation function:

N (Ad) [ N, (Ad")d(AP")
Nuldd) [N, (Ad")d(AD")

where
0<Ap<m

C,(Ap)=

— corrected for non-uniform azimuthal acceptance

* Flow subtraction: two-source model / ZYAM approach
- Ajitanand et al., Phys.Rev.C72:011902,2005
- mostly unused here

* Per-trigger conditional yield:

1 dNg o Cl A N
Jy(Ap)= e |

NTd(Ad) [CA¢p'|d(Adp’) N
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Two-particle A¢ Correlations
Pb+Pb at 158A GeV

) 0-5 % 5-10 % 10-20 %
I ea®00le
1:_. .—.—l. e uj\.\‘;/
%‘g orne:— —
) ppteteer
- ¢ -
0""0_5""1""15""2""25';(1;['ra3d'i[j””05 . Ao [rad] . . A¢ [rad]

Flattened away side in most central collisions
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Two-particle Ap Correlations —

Auxiliary Techniques

*-’a;a I Pb+Pb @ 158A GeV, 0-5 %
o 1.01_—
I *Polynomial fit }
— more readable comparison plots s
i x> /NDF =4.99/6
0.99:— +
0”“0'5“”'1“”1|.5“”£””215””:I’»I
Ao [rad]
Linear fits of near and away side .
- quantification to facilitate o L
comparison L de T
Fa\? |
\ s T
0.991 L
OHIIOESHH‘IHHI{SHHIZ‘H‘2l5"Hél
Ao [rad]
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Two-particle A¢ Correlations

Pb+Pb at 158A GeV

Near-side amplitude of C_(A¢) depends on charge of
and associates

NA-
| -’-_v‘:y\

triggers

]
O i
= 2 1.01p
3 ‘ S L
O 101 &I C.. :
| a 1005
b gttt B
L . B
L - N
1= % %‘ = L T """""""""""""""""""
L4 T E '
e all pairs B i
0.99__ é O Iika-:f-sigr".n 0'995: |
i A unlike-sign
A N R R SR RV I ,5,9{\ Qé\@ ;;90
0 0.5 1 1.5 2 2.5 3 ¥ N ¥
A¢ [rad] )

Difference in like- vs. unlike-sign: charge conservation?
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Two-particle A¢ Correlations
Pb+Pb at 158A GeV

Comparison with

CERES : |
X i |
: : © 1.005F N
— Full, uniform azimuthal : i + + +* [
acceptance Fm +
- 210 <1 <265 ¢ ¢
095 M + -
i + N
0.99F +. @ 05%Pb+Pb @ 158A GeV (NA49)
i B 05 %Pb+Au @ 158A GeV (CERES)
N TN N P P
0 0.5 1 15 2 2.5 3

Ad [rad]
CERES, J.Phys.G34:S697-700,2007

Good agreement between
SPS experiments
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Two-particle Ap Correlations —
Other Systems

2 Correlation stronger in smaller
‘Jw — | ® pip @ 158GeV

- Pb+Pb @ 158A GeV, 0-5 % ‘ . SySte ms

30

3 1

B | I | I *Away side: steeper peak in smaller

1 ® |

] systems
R SR S OTTUR
0 0.5 1 1.5 2 2.5 3 .
vl=dl - e(Global momentum conservation?

% 1,2:— ® Si45i @ 158A GeV, 0-5% |

i Pb+Pb @ 158A GeV, 05 % T N—> 00

[l

Tk e o |
B | | |
1 T 1
¢ HER
| | | o | |
ook L ¢ |
s [ | |
-
TR T S N T Y T T NN SR T S SN NN SN ST ST T N S ST SR S SN S SN S S N
0 0.5 1 15 2 25 3
Ao [rad]
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Two-particle A¢ Correlations

Energy scan of central collisions

® 0-5%PbiPb,\f5,, =123 GeV

G 1.02 - —
ﬂ .
i K 0-5 %Pb+Pb,\/5,, =17.3 GeV
|
| . i ! | i,
[ ] I I ! : .
1 (] I I
. I
o
| | |.
- - 0-5 %Pb+Pb,\/5,, =17.3 GeV || *
0.98 o 0-5%AutAu,\/fs,, =200 GeV || ° data |
L 0-5%Pb+Pb, \San = 17.3GeV || poly fi
| N T I N NN TS T AN S S S| P S I T (TS TSI |
g 1.02 — —
UN B B | ! '
B | . B ® o e
® | ; I .l () 4 | | ! | !
B l . ] I . I
1 — | [ ]
i L - . |
° ® [
L - ' | | 1 ®
o Y
B e B
0.98 ® 0-5%Pb+Pb,\5,, =88GeV || ® 0-5%Pb+Pb,\[5, =7.6GeV || ®  0-5%Pb4Pb, /5., =6.3 GeV
98 |- — K
- 0-5 %Pb+Pb,\/5,, =17.3 GeV||. 0-5 %Pb+Pb, \/s, =17.3 GeV|| * 0-5 %Pb+Pb,\ /5, =17.3 GeV
| P T I I S I S 1 P T O I ST S S T S N I I T
0 0.5 1 1.5 2 25 3 0.5 1 1.5 2 2.5 3 0.5 1 15 2 2.5 3
Ao [rad] A¢ [rad] A [rad]
PHENIX, Phys.Rev.Lett.97:052301,2006
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| wo-partlcle A(I) Correlations
Energy scan of central collisions
| ® 0-5%Pb+4Pb,\5,, =123 GeV
0-5 %Pb+Pb,\/5 =17.3 GeV
|
| ° o
o |
i e | |
|
e ®, N I}
- - 0-5%Pb+Pb,\/5,, =17.3GeV || ol
0.98 ® 0-5%Au+Au,\/s,, =200 GeV || _ ° data |
0-5%Pb+Pb, \#SNN =17.3GeV || poly fit
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I 1 il o Y
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L J [ 1
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PR S N e I e o e e T e T O I
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PHENIX, Phys.Rev.Lett.97:0562301,2006
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Two-particle A¢ Correlations
Energy scan of central collisions

S b 3
@ 0.04 - l WNA49 @ WNA49
© i 1 ® RHIC ) I ® RHIC
o = 0.005 -
> 0.02 < -
céJ. l g [ I ‘
o n )
2 | z " !
e £ adl
[ ] O I
| 1
0.02 -
004, i L 0005 . . ... e |
10 10° 10 10?
\/Sny [GeV] Sy [GeV]

*Near side: slope changes with decreasing energy

— sign change near 40A GeV, where onset of deconfinement is seen
o NA49, Phys.Rev.C77:024903,2008

— coincidence?

*Away side: weak or no energy dependence!

- global momentum conservation?
2009.06.08 CPOD 2009, BNL, USA 14
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Two-particle Ap Correlations —
p. scan, Pb+Pb at 158A GeV

trg .

PT 0.1-2.0 2.5-4.0
; eo®e ++ ¢
1= -
o @ e ;+ +
i [ ] i
» No qualitative changes uovel- ® p**=1.0-2.0f P2*=1.0-2.5
with trigger, associate p_ : : $ +
ranges %'1'39_ ............................... — ..............................
« Peak on the near side nor - o
[ [ PO RN
%00 g0000000 .'
i i ® @
0.905] P2%¢=0.1-2.0} p2%¢=0.1-2.0
osb E
OV TV TEUUTTOLUTTUTELTUUTEY - SUUT VOUUTTOTET VOUTTUUOT T
Ad [rad] Ad [rad]

Reminder: in each pair, p ** < p_"
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Two-particle A¢ Correlations —
p. scan, Pb+Pb at 20A GeV

P9 ; 0.1-2.0 2.5-4.0
%1-:12:— =
LN 1.{)12— — + + + + +
o i e®®0 %000 + o
= “__ " B - + +
L — @ s +
* No qualitative changes 099 P3¢ =1 0-2 of p2€-1.0-2.5
with trigger, associate p_ 098} T o 3 " T T
ranges T e S ——
* Depletion on the near ©  rof 2
: ~ :
side — 1I—.II.I.II"..:_I-11 ceec”
< asc E. asc
0.99- — — _
P =0.1-2.0¢ Pr=0.1-2.0
0.98 :—
ﬁl— UI.I:[)JEI“I‘III“I1I5IIJIﬁ”“ELEJI.If;:”IhIEI'Il‘JII.”115I“IéI“IEIEHHI;I
Q Ag [rad] At [rad]

Reminder: in each pair, p ** < p_"
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Two-particle A¢ Correlations
Comparison with UrQMD

0-5 % Pb+Pb @ 158A GeV

p+p @ 158 GeV
2 s 8
3 ® [NA49 3 ® NA49
S} 101l = UrQMD 2.3, with PYTHIA UN UrQMD 2.3, with PYTHIA | 1
------- UrQMD 2.3, no PYTHIA 6| ----—--- UrQMD 2.3, no PYTHIA
- | |
- ® T
- =
(o ¢ -
F==F==1 . i
| I—T—
i A
|_-._-| |
0.99— '
| L L 1 1 | 1 1 1 1 | 1 1 1 1 | L L 1 1 I 1 1 1 1 |
0 0.5 1 1.5 2 2.5 3

* (Good agreement between model and data

e Hard-scattering contribution minor

2009.06.08 CPOD 2009, BNL, USA
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Two-particle A¢ Correlations
Comparison with UrQMD
e \San =200 GeV [ \Syy =17.3 GeV “\[Syy =12.3 GeV
| . i i | ¢ o

0.8 ® PHENIX at RHIC ® NA4S i | ® NA4S
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| e I [ ]
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i | I ® i I8
L [T ] ! |
1 — | | ®
¢ |
[ [
i I T
I ¢
| B
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0.98|- u )
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PR T ST AN TSNS N S SN SN NN S SN SN T NN SO SN SO SN AN ST SO H (NH SN SR SO T NN SN SR SN T NI SR SR SR NSRS ST SN NN S ST ST S NS ST S ST S NUNS N ST SR ST SR NN ST SR SN T NS SIS NN S S ST S N S S ST NN S S S N
0 0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3 0.5 1 1.5 2 2.5 3
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Two-particle A¢ Correlations
Comparison with UrQMD

Q Q
O ) ©
= O ENAY = | O
» i 0 “UrQMD ) n 0.04 L ~UrQMD
A il ® RHIC 5 1
% 0.005 — th l qé
~ B i : y 0.02
a g N GCDJ)- L
o i - Ol
G " g b7 o
E B an ir O 1- l.[j """""""""""""""""""""""""
N B I T =
» - 1
-0.02 ~
_0.005 . | s 0ol | I | L | \ N -0'04 _I L TR L 1 L 1 Lo 1
10 10° 10 10°
\/Syy [GEV] \/Sn [GeV]

*Away-side trend consistent with experiment

*Discrepancy on the near side
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Two-particle (An,A¢) Correlations

central Pb+Pb at 17.3 GeV/pair

STAR: Ridge and jet clearly visible

1
central‘ Au+Au at 200 GeV/pair ]

0.995
3
» 10°__— ¢
€ 4607 r
# 4507 1.5<p’? <3 GeVic

0.5 <pl** <2 GeVic

440_ :

a0l SRR TR,
=% v.-{“'" ““‘““\\“ “

7 \“‘ e e

TS

4104

s N 15 NA49: Ridge? Dip
. 0.5
3<p,’<4GeVic
p2*°> 2 GeVic Ad 2 8 WE &

J. Putschke, J.Phys.G34:S679-S683,2007
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Summary

*Energy, system-size dependence of two-particle azimuthal
correlations measured by NA49 at SPS

*Two-particle azimuthal correlations

- Centrality dependence, Pb+Pb at 158A GeV:
« flattened away side in central collisions
 similar to RHIC results

- Charge dependence, central Pb+Pb at 158A GeV.:
* near side amplitude changes of unlike- vs. like-sign pairs suggest charge
conservation

- Pb+Pb at 158A GeV: agreement with CERES

2009.06.08 CPOD 2009, BNL, USA 21
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I Summary

*Two-particle azimuthal correlations

- Energy and system-size scans:
e away side strongly dependent on system size, weakly on energy
— global momentum conservation

* near side amplitude dropping with decreasing energy
- peak-depletion transition around 40A GeV — onset of deconfinement?
- shape stable with trigger, associate p_-range changes

*Two-particle (An,A¢) correlations

- Ridge seems to be present in Pb+Pb at 158A GeV
- Dip near (0,0)

2009.06.08 CPOD 2009, BNL, USA 22
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I Summary

*UrQMD comparison

- 158A GeV: good agreement with data for both p+p and Pb+Pb
 hard contribution minor

- Pb+Pb energy scan:
e good away-side agreement
* near side: discrepancy for both correlation strength and its trend

2009.06.08 CPOD 2009, BNL, USA 23
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Event and Track Cuts

*Mixing: 50 last events
*Centrality bins: 0-5 %, 5-10 %, 10-20 %
*Reconstructed position of the primary vertex

*Track impact parameter (b)

«1PCN /NmaX ratio

points

.1 PC NmaX forN =0

point

2.5 < pTtrgj <4.0 GeV/c

1.0 <p *°<2.5 GeV/c

2009.06.08 CPOD 2009, BNL, USA 26



Systematic Errors

* Pertinent sources:
— secondary tracks classified as primary
— split tracks

— estimated via cut variation:
 track impact parameter
 real-to-potential TPC point ratio

» All sources added in quadrature

* Found negligible: two-track resolution, event-mixing
classes, number-of-points cut, broken-track cut

2009.06.08 CPOD 2009, BNL, USA
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Two-particle A¢ Correlations
Pb+Pb at 158A GeV

Comparison with CERES <
I — per-trigger yield -

0.02 :—; +

ok +. (] +Pb @ 158A GeV (NA49)
[] +Au @ 158A GeV ( 5)
..... I e T T
0 0.5 1 1.5 2 2.5 3
Ad [rad]

S. Kniege for CERES, talk at ISMD 2007
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Full vs. mid-rapidity

g 0-5 % Pb+Pb N 158A 20A
o | + @ 158A GeV pairs
1.02— full n 3973314 916425
_ i £ da cutn 673904 | 304737
o v vy g
B _
0.8 S S 104 0-5 % Pb+Pb
el + ® 2.41<n<3.41 o i @ 20A GeV
Y S B I S B ¥ S 102l I !
A [rad] L Il
i il * * 7
o | i
0.93;6'] # O fulln
:+ @ 1.375<n<2375
0 05 N L
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Two-particle A¢ Correlations
I p. scan, Pb+Pb at 158A GeV
ptrg_
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Two-particle A¢ Correlations —
I p. scan, Pb+Pb at 20A GeV
pr9: 0.1-2.0

g 0.5-2.0 1.0-2.5 1.5-3.0 2.0-3.5 2.5-4.0 3.0-4.0

\ «1.1;‘.’2'+T++f'+7+ﬂff'+++++' E

1 ++ 1
0.995} l 1 } 1
: : 4 :
F 1 ki » i
. 1.005; RIS ITL B T P ab, teed IR A ; | 5
1 o 2L 3 =
. . . . 1 e : ]
MQSE'. ot ¢ 3 et 3
| : : :
o -+ adal
1
a8
L

(A0)

Cc

C,(29)
-

C,(A0)

0.1-2.0 0.5-2.0 1.0-2.5 1.5-3.0
C,(Ad)
WW-. Farg b .. .
#—‘—H—l-‘—.!‘—‘—P-H-‘—I-
s
M?_

‘IIZI?I.1 2 3””1””2””3
Ao [rad] Ao [rad] Ao [rad]

ascC ,
p3*¢: 0.1-2.

2009.06.08 CPOD 2009, BNL, USA 31



NA—
I %
I Two-particle (An,A¢) Correlations
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